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[57] ABSTRACT

The invention relates to a solar cell which consists of a
doped semiconductor base body and metallic connec-
tion contacts on the front and rear sides. For intercon-
nection with further solar cells to form solar modules in
series or parallel connection, at least one of the connec-
tion contacts comprises a connector contact which is
homogeneously integrated with it, protrudes from the
semiconductor base body and is deformable.

9 Claims, 4 Drawing Sheets
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1
METHOD OF MANUFACTURING A SOLAR CELL

This application is a division of application Ser. No.
06/839,172, filed Mar. 13, 1986, now abandoned.

BACKGROUND OF THE INVENTION

The invention relates to a solar cell consisting of a
doped semiconductor base body, a front surface pro-
vided tor the incident light and metallic connection
contacts for the front surface and for the opposite rear
side.

More and more fields of use are developing for solar
cells for supplying electrical systems with current, inde-
pendent of the mains voltage. The efficiency data of the
solar cells used, their operating voltages and generator
currents are, inter alia, important criteria. In order to
increase the operating voltage, single solar cells are
imterconnected in series. To this end, the metallic con-
nection contact on the surface of a solar cell is, for
example, electrically connected to the connection
contact on the rear side of a further solar cell.

An increase in the generator current is, for example,
obtained by several single solar cells being intercon-
nected in parallel or by *“strings” connected in series
which are themselves connected in parallel. In these
interconnections of single solar cells to form solar mod-
ules, the electrical connecting elements are of decisive
importance.

German Oftenlegungsschrift 3 303 926 discloses a
solar cell wherein a metallic connector 1s mechanically
attached as a front side contact on a conduction path
system so that the connector protrudes beyond the disc

edge of the solar cell.

The solar modules mterconnected by means of these
connectors have attained a high degree of reliability,
but also require a certain expenditure with respect to
the connectors and the connection technique.

The object underlying the present invention is, there-
fore, to provide a solar cell structure with connector
contacts, which enables further improvement of the
manufacture of solar modules.

SUMMARY OF THE INVENTION

This object 1s attained 1n accordance with the inven-
tion 1n that at least one of the metallic connection
contacts comprises a connector contact which is homo-
geneously integrated with it and protrudes from the
semiconductor base body.

This may be effected in advantageous further devel-
opments in that the metallic connection contact and the
connector contact are produced as a coherent piece by
means of a metallization mask by a vaporlzatlon process
in high vacuum.

An essential advantage of the inventive solar cell and
its manufacturing process i1s that no otherwise com-
monly used, separate connector elements are required.

Further advantageous embodiments of the invention
are apparent from the subclaims.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention are illustrated in the
drawings and shall be explained in further detail herein-
after:

FIG. 1 shows a solar cell with a connector contact,
integrated with the metallic connection contact on the
front surtface;
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Fi1G. 2 shows a solar cell with a connector contact.
integrated with the metallic connection contact on the

rear side;

FIG. 3a shows the interconnection of two solar cells
by means of a connector contact which 1s integrated
with the metallic connection contact of the surface:

FIG. 36 shows the interconnection of two solar cells
by means of a connector contact which is integrated
with the metallic connection contact of the rear side:

FIG. 4a shows the separating of the connector
contact arranged on the front surface from a part of the
semiconductor base body;

- FIG. 46 shows the separating of the connector
contact arranged on the rear side from a part of the
semiconductor base body:

FIG. 5 shows the arrangement of single solar cells on
a wafer disc;

FIG. 6 shows a solar cell with connector contacts,
integrated with respective metallic connection contacts
on the front surface and the rear side;

FIG. 7 shows the interconnection of two solar cells

with a structure as illustrated in FIG. 6, to form a paral-
lel connected module.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A perspective illustration of a solar cell with an inte-
grated connector contact 1s shown in FIG. 1. This 1s a
solar cell with a doped semiconductor base body 1a. in
which a pn junction is provided. Its front surface 2¢ for
the incident light is covered by a metallic connection
contact 3a exhibiting a comb-type structure. This re-
sults 1n an optimum with respect to minimum surface
shadowing and a maximum transition conductance
value between semiconductor base body 1a and metallic
connection contact 3a. The comb-tvpe metallic connec-
tion contact 3a verges at its web arranged at the edge of
the surface 2« parallel to an edge of the semiconductor
base body 1la 1nto a rectangularly shaped surface 4a
which protrudes bevond the semiconductor base body
1a and 1s thereby deformable. It is thus homogeneously
integrated with the connection contact 3z as a connec-
tor contact. Arranged on the rear side 5a of the semi-
conductor base body 1a is a further merallic connection
contact 7a which covers the entire re: - side Sa.

The metallic connection contacts 3¢ and 7¢ and also
the connector contact 4a preferably consist of a titani-
um-palladium-silver layer system with a layer thickness
of between 4 and 13 pum.

A modification for a further type of arrangement of
the connector contact is shown in FIG. 2. Here again, a
solar cell 1s produced by doping a semiconductor base
body 15 to form a pn junction.

The front surface 26 provided for the incident light 15
covered by metallic connection contacts 36 which ex-
hibit a comb-type structure and are designed in accor-
dance with. the optimization described in FIG. 1 with
respect to surface shadowing and transition conduc-
tance value. Arranged on and covering the entire rear
side 56 1s a metallic connection contact 76 which verges
at an edge of the semiconductor base body 15 into a
rectangular, protruding and thus deformable connector
contact 40 which is thereby homogeneously integrated
with the connection contact 3b. The data given in con-
nection with FIG. 1 apply to the thickness dimensions
and material compositions.

F1G. 3a shows a principal type of interconnection of
solar cells which are designed in accordance with FIG.
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1. The connector contact 4« at the surface of a solar cell
for the series connection is attached in an electrically
conducting manner by soldering, welding, adhesion
(gluing) or ultrasonic welding to the metallic connec-
tion contact 7a of a further solar cell at a contact con-
necting point 8a provided therefor. The cross-section of
the connector contact 4¢ which in accordance with the
invention is deformable, is of a pre-formed s-shape in
order to counter thermally caused expansions of the
solar module.

FIG. 3b shows a principal type of series interconnec-
tion of solar cells which are designed in accordance
with FIG. 2. The connector contact 46 on the rear side
of a solar cell is attached in an electrically conducting
manner to the metallic connection contact 36 of a fur-
ther solar cell at a contact connecting point 86 provided
therefor. The cross-section of the connector contact is
likewise preferably of a pre-formed s-shape.

The manufacture of a solar cell with a structural
design in accordance with FIG. 1 shall be explained
with reference to FIG. 4a. After the doping of the semi-
conductor base body 1la on a wafer disc, a metallic
connection contact covering the entire surface is dis-
posed on the rear side 5a. On the front surface 2a, a strip
124 1s produced at an edge zone to prevent an adhesive
or sinter bonding of metallic compounds or alloys to the
semiconductor base body 1a. This strip 12¢ which can
be produced by a photolithographic process, is at least
equally large in its dimensions and has the same surface
area as the surface of the connector contact 4a to be
produced. The strip 12a may preferably consist of
vapor deposited silver, photoresist or silicon dioxide.
Via a metallization mask which is not illustrated, the
metallic connection contact 3¢ including the connector

contact 4« 1s homogeneously and coherently produced

by a vaporization process in high vacuum on the strip
124 and the surface 2a. In view of the material composi-
tion of connection contact and connector contact, the
vaporization takes place successively with the various
materials such as Tt, Pd, Ag. The contact and connector
material 1s sintered by a subsequent annealing process.
The metallization mask is oriented in such a way that
the connector contact 4a does not protrude beyond the
strip 12a at any point. Via a laser or saw separating
process, there is imparted to the metallic connection
contact 7a on the rear side 5a and to the semiconductor
base body 1a a v-shaped groove 11a symmetrically to a
breaking edge 10a which in its extension delimits the
strip 12a from the connection contact 3a which adjoins
it. The depth of the v-shaped groove 114 is approxi-
mately one third of the thickness of the semiconductor
base body la. By breaking along the breaking edge 104,
the part of the semiconductor base body 1la located
beneath the strip 12a is severed, so that the connector
contact 4a protrudes from the now remaining semicon-
ductor base body 1a.

FIG. 46 shows the way in which the connector
contact 46 1s manufactured 1n a solar cell exhibiting the
structure shown in FIG. 2.

At an edge zone on the rear side 5b; a strip 126 which
prevents an adhesive or sinter bonding of metallic com-
pounds or atloys with the semiconductor base body 15
is produced. This strip 125 1s at least equally large in its
dimensions and has the same surface area as the surface
of the connector contact 46. The strip 126 may prefera-
bly consist of silver, photoresist or silicon dioxide. Via
a metallization mask which is not illustrated, the metal-
lic connection contact 76 1ncluding the connector
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contact 45 1s homogeneously and coherently produced
in accordance with the structure shown in FIG. 2 by a
vaporization process mn high vacuum on the strip 126
and the rear side 36. The metallization mask is oriented
as in the process described with reference to FIG. 4a.
Via a laser separating process there is imparted to the
metallic connection contact 36 on the front surface 25
and to the semiconductor base body 14 a v-shaped
groove 1156 symmetrically to a breaking edge 106 which
in 1ts extension delimits the strip 126 from the connec-
tion contact 76 adjoining it. The depth of the v-shaped
groove 115 is approximately one third of the thickness
of the semiconductor base body 16. By breaking along
the breaking edge 106, the part of the semiconductor
base body 16 located above the strip 126 is severed so
that the connector contact 46 protrudes from the now
rematning semiconductor base body 16.

On account of the material composition and the di-
mensions, the connector contacts 4a. 46 are also de-
formable.

FIG. 5 shows the arrangement of the inventive solar
cells on a wafer disc. To enable optimum surface usage
of the wafer disc, two solar cells with a structural de-
sign as shown in FIG. 1 are arranged. for example, in
mirror symmetry and a third solar cell adjoins them at
right angles. The contours of the single solar cells are
produced by means of v-shaped laser grooves 6 and 10a.
respectively, on the metallic connection contact 7« of
the rear side 5z and subsequent breaking.

The solar cell shown in FIG. 6 comprises on the front
surface 2c and the rear side Sc one protruding connector
contact 4¢| and 4co. respectively, which are arranged
diametrically 1n relation to each other on a doped semi-
conductor base body 1c. The connector contacts 4¢; and
4c2 are homogeneously integrated with the respective
connection contacts 3¢ and 7c. A solar cell with this
structure 1s suitable, for example, for a parallel intercon-
nection of two or several solar cells as shown in FIG. 7
to form modules. |

The connector contact 4¢> of the connection contact
7c on the rear side of a solar cell with the semiconductor
base body 1c; 1s attached in an electricallv conducting
manner to the metallic connection contact 7¢ of a fur-
ther solar cell with the semiconductor base body 1¢> at
a contact connecting point 8c-.

In analogy, the connector contact 4¢; of the further
solar cell with the semiconductor base body 1c¢> is at-
tached in an electrically conducting manner to the con-
nection contact 3¢ of the first solar cell at a contact
connecting point 8cj.

In practice, another possibility of interconnecting
several solar cells 1n parallel to form modules is to first
connect 1n series a certain number of solar cells, for
example, four in each case, and to arrange in parallel
and connect in parallel these thus obtained “'strings™
with additional connector contacts which are not illus-
trated.

The layer thicknesses of the connection contacts 3a,
3b, 3¢, Ta. 7b, Tc¢ and also the connector contacts 4a. 4b.
4cy, 4ca1s between 4 um and 13 um. The thickness of the
strips 12a, 126 in the case of silver is in the order of
magnitude of less than | um. in the case of photoresist
less than 5 um and in the case of silicon dioxide less than
I um,

The connector contacts 4a, 46, 4¢|. 4¢c> have—in rela-
tion to the surfaces 2a, 5b. 2¢. Sc—a surface fraction of
approximately 30%.
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In one embodiment, the connector contact 4q mea-
sures 15 mm X 30 mm.

It 1s also advantageous for the connector contacts 4a,
40, 4c to be of finger-shaped design, and they may be
structured 1n themselves to compensate for thermally
caused expansions.

What 1s claimed 1s:

1. A process for manufacturing a solar cell from a
semiconductor body, comprising the steps of:

providing a semiconductor base body having first and

second opposing major surfaces, wherein an edge
zone 1s defined along an edge of the first major
surface of said semiconductor body:

depositing a strip-shaped region on said edge zone,

sald strip-shaped region preventing bonding of
metallic compounds or alloys to said semiconduc-
tor base body;

depositing by vaporization a first metallic connection

contact on said strip-shaped region and on the first
major surface of said semiconductor body, said
strip-shaped region preventing said first metallic
connection contact from adhering to said semicon-
ductor body:

depositing a second metallic connection contact on

the second major surface of said semiconductor
body, one of said {irst and second metallic connec-
tion contacts having a comb-like structure; and
severing the portion of the semiconductor body at
said edge zone from the remainder of said semicon-
ductor body, whereby said first metallic connec-

tfion contact projects over the edge of the resulting
solar cell.
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2. The process defined by claim 1 wherein the step of
depositing said strip-shaped region on said semiconduc-
tor body 1s effected by a photolithography process.

3. The process defined by claim 2 wherein the step of
severing the portion of the semiconductor body at the
edge zone from the remainder of said semiconductor
body comprises the substeps of qutting a groove in the
second surface of said semiconductor body at said edge
zone with one of a laser or saw; and breaking said por-
tion of said semiconductor body from the remainder of
satd body at said groove to sever said portion.

4. The process defined by claim 1 wherein the step of
severing the portion of the semiconductor body at the
edge zone from the remainder of said semiconductor
body comprises the substeps of cutting a groove in the
second surface of said semiconductor body at said edge
zone with one of a laser or saw; and breaking said por-
tion of said semiconductor body from the remainder of
sald body at said groove to sever said portion.

5. The process defined by claim 4 whcerein the depth
of said groove is approximately one-third the thickness
of said semiconductor body.

6. The process defined by ¢claim 1 wherein the step of
depositing said strip-shaped region on said edge zone is
effected by vapor depositing one of silver. photoresist,
and silicon dioxide.

7. The process defined by claim 1 wherein said first
metallic connection contact has a comb-like structure.

8. The process defined by claim 1 wherein said sec-
ond metallic connection contact has a comb-like struc-
ture. '

9. The process of interconnecting two solar cells
manufactured by the process defined by claim 1
wherein the first metallic contact of one cell 1s fastened
to the second metallic contact of the other cell by one of

soldering, welding, adhesion. and ultrasound welding.
% * * * ¢
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